We analyze, with an augmented data base, patterns of covariation of the three primary demographic parameters (age at maturity, fecundity, adult survival, all measured in the same unit of time) in lizards. This also constitutes a first attempt to use all three of these parameters for this group of species. We attempt to place these analyses in the framework of recent theories on life history evolution (Ferrière and Clobert, 1992; Charnov, 1993) . Life history data were collected from the literature and from our original work, and a composite phylogeny was assembled, based on a variety of published sources. Using a phylogenetically based statistical method (independent contrasts), the allometric (log-log) relationship of fecundity (and of clutch size) in relation to snout-vent length was found to differ significantly between the two major clades of extant lizards, Iguania (43 species in our data set) and Scleroglossa (47 species). We therefore emphasize analyses done separately for the two clades. Without removing correlations with body size, the relationships between fecundity and survival, and between fecundity and age at maturity, were also found to differ between clades, which differs from Charnov's (1993) predictions. When correlations with body size were removed statistically, however, the two clades did not differ significantly in these relationships. In a principal components analysis (PCA) of the three demographic variables plus snout-vent length, the first axis explained the majority (53 -57%) of variation in both clades, while the second axis explained 27 -31% of the variation and loaded mainly on fecundity. In a PCA of size-adjusted demographic variables residuals (from log-log regressions on snout-vent length), the first axis explained 66 -68% of the variation and was clearly interpretable as the classical ''slow-fast'' continuum, which has been described in birds and mammals. The PCA of residuals did not provide clear evidence of additional significant patterns of covariation. However, the rate of evolution of 329 Clobert et al. 330 mortality (size-corrected), but not of fecundity or age at maturity, differed significantly between clades. Furthermore, fecundity and age at maturity, both corrected for variation in adult mortality (in addition to body size), were still significantly related, indicating the existence of other patterns of variation in these life history traits. In other words, the ratios between age at maturity and adult mortality, or between fecundity and adult mortality, were not found to be invariant, because the variation not accounted for by these ratios was significantly associated with variation in another variable. This result contradicts the prediction of Charnov (1993) , and suggests the existence of other directions of evolution in these life history traits.
Introduction
Potentially many combinations of the three basic demographic parameters (age at first reproduction, age-specific survival and age-specific fecundity) could allow the persistence of a population, even restricted to those leading to a stable population size. Attempts to identify those combinations of parameters which are optimal within a given set of internal and external constraints have generated considerable theoretical work (reviewed in Roff, 1992; Stearns, 1992) . Although many of these theoretical studies considered only subsets or even sub-components (e.g., clutch size) of the three primary demographic parameters (i.e., those parameters measured in the same unit of time), they led to the concept of the so called r-K gradient (Cody, 1966; McArthur and Wilson, 1967; Pianka, 1970) . Along this gradient, species range from those which mature early, produce many offspring, and have a short adult lifespan, to those which mature late, produce very few offspring, and have a longer lifespan. Thus, age at maturity and survival covary positively, while both covary negatively with fecundity (number of offspring produced per unit of time, Allainé et al., 1987) . The existence of this ''slow-fast'' gradient has been only partially documented among species in a variety of organisms (Stearns, 1983 (Stearns, , 1984 Dunham and Miles, 1985; Harvey and Zammuto, 1985; Saether, 1988; Gaillard et al., 1989; Harvey et al., 1989) , because most studies only considered a subset of demographic components, generally not expressed in the same unit of time, and have not used phylogenetically based statistical methods. The existence of patterns of variation in addition to the slow-fast continuum has been debated several times (Stearns, 1976 (Stearns, , 1977 Western, 1979; Wittenberg, 1981; Harvey, 1990, 1991; Stearns, 1992) , but was rarely searched for in empirical studies (Gaillard et al., 1989) .
More recently, Charnov and colleagues developed life history models incorporating all three demographic parameters, and used these models to search for those combinations of parameters which lead to evolutionarily stable strategies (Charnov, 1990 (Charnov, , 1991 (Charnov, , 1993 Berrigan, 1990, 1991a) . These models predict that the evolutionarily stable relationships link age at maturity, adult lifespan, and fecundity such that they covary two-by-two in only one direction. In other words, the relation between adult lifespan and age at maturity, or between fecundity and adult life span, has a slope equal to unity. The model of Charnov and colleagues was based on the assumptions that populations are stationary (unchanging in size, and stable equilibrium) and that competition affects all age classes (except juveniles) in an equal way. Relaxing these assumptions can yield different results. In particular, in addition to the expected positive correlation between age at maturity and survival, two other patterns of association were found (Ferrière and Clobert, 1992) : one in which survival probability increases independently of age at maturity, but with age at maturity kept to low values (iteroparity gradient); the other in which age at maturity increases, with adult survival probability kept to low values (semelparity gradient).
Predictions of Charnov et al.'s models were tested by interspecific comparisons for several groups of vertebrates (Charnov, 1990; Charnov and Berrigan, 1991b; Berrigan et al., 1993; Purvis and Harvey, 1995) and the intensity of covariation of demographic variables was found to vary among taxonomic groups (Charnov, 1990 (Charnov, , 1993 . The proposed reason for these differences was based on the fact that every demographic parameter is related to body size allometrically, i.e., as a power function y = a (size) b (Peters, 1983; Calder, 1984) . Thus, the slope of log of age at maturity with respect to log of adult life span will depend on the respective value of a and b for the two demographic parameters, and the way these coefficients vary among groups (Charnov and Berrigan, 1990; Charnov, 1993) . The intensity of the interspecific covariation was not examined after statistically removing correlations with body size. Also, Charnov (1993) pointed out the considerable scatter around the regression lines for pairs of the three primary demographic parameters. The extent to which this scatter is attributable to imprecision and bias in the data Krementz et al., 1989; Charnov, 1993; Gaillard et al., 1995; Martin et al., 1995) or something else is unclear. It may well be that this scatter indicates the existence of other patterns of variation in the data, patterns which remains to be found, as suggested theoretically by Ferrière and Clobert (1992) and empirically by Gaillard et al. (1989) .
Lizards have often been used as a model in ecological and evolutionary studies (Huey et al., 1983; Vitt and Pianka, 1994) , including many studies of life history evolution (Tinkle et al., 1970; Dunham and Miles, 1985; Huey, 1987; Stearns, 1984; Shine and Charnov, 1992; Miles and Dunham, 1992; Bauwens and Diaz-Uriarte, 1997) . Indeed, the group is often considered to be relatively homogenous in terms of morphology and behavior, as compared with other groups of vertebrates that have been considered in comparative studies of life history (e.g., Osteichthyes, Aves, Mammalia), and the method used for estimating life history parameters in natural populations of lizards are more comparable across species (Dunham et al., 1988b) than in other taxa Krementz et al., 1989; Gaillard et al., 1994) . The existence of the slow-fast continum in lizards was looked for several times with various results (Tinkle et al., 1970; Stearns, 1984; . The only study which both used phylogenetically based statistical methods and demographic parameters which included survival failed to find the slow-fast turn-over (Bauwens and Diaz-Uriarte, 1997) . Two studies of lizards found evidence for Charnov's invariant numbers (Shine and Charnov, 1992; Bauwens and Diaz-Uriarte, 1997) . However, these studies involved a very restricted sample of lizard species (fewer than 20), which obviously reduces the chance of finding additional patterns of variation. Finally, none of the studies employed the primary demographic parameters measured in the same time units (per year or generation), as recommended by standard demographical considerations (Caswell, 1989; Gaillard et al., 1989) .
The goals of this paper are, therefore, to: 1) verify the existence of the slow-fast turn-over gradient, using phylogenetically based statistical methods; 2) verify that the same gradient is found when correlations with body size are removed statistically, while also examining the role of size in the diversification of demographic strategies in lizards (i.e., allometry); 3) investigate the existence of other axes of correlated demographic variation; 4) estimate the two-by-two relationships between demographic parameters (age at maturity, fecundity, mortality); and 5) analyze whether 1)-4) vary between the two major clades of lizards. We used a recently augmented body of information on the three demographic parameters (90 species, Promislow et al., 1992) . Although it is probable that such factors as reproductive mode, foraging behavior, and habitat usage (Tinkle et al., 1970; Stearns, 1984; de Fraipont et al., 1996) are coadapted with demographic patterns, a consideration of the selective processes which have resulted in the organization of life history patterns is beyond the scope of this paper.
Methods

The data
We extracted data from the literature for 90 species of lizards. Available phylogenetic information suggests that snakes constitute a (probably monophyletic) group that evolved from within scleroglossan lizards (Estes and Pregill, 1988; Heise et al., 1995) . However, we excluded snakes from our analyses because relatively few demographic data are available (e.g., Shine and Charnov, 1992) , their typical ecology and behaviour is rather different from that of most lizards, and their phylogenetic relationships are relatively poorly known as compared with lizards (e.g., see Estes and Pregill, 1988; Heise et al., 1995) .
The variables analyzed are mean adult female snout-vent length (hereafter, often referred to as body size), clutch size (number of eggs or offspring per clutch), brood frequency (per year), annual fecundity (clutch size brood frequency), age at maturity (in years), and adult mortality rate (per year; computed as −log[adult survival rate]). For species which rarely survive more than one year, we assigned arbitrarily the value of 0.01 (Barbault, 1976) for mathematical convenience. For long-lived species, we sometimes back-calculated the mean annual survival rate from average lifespan, because only the latter data were available. In some cases, we restimated some parameters with more appropriate methods (Lebreton et al., 1992) when raw data were available. In lizards, both brood frequency and the mean clutch size for different reproductive episodes within a breeding season may not be accurately described in all cases. Although we did calculate average clutch size for the entire breeding season when data were available, quite often the average clutch size was given only for the first reproductive episode while it is known that the value of this variable tends to decrease as the breeding season progresses. This may, therefore, lead to an overestimation of the annual reproductive output if only the mean clutch size of the first reproductive output is used. In the same way, brood frequency is ill-estimated, because it was not looked for in some species, or, because, as fewer and fewer individuals are participating in a reproductive episode as the breeding season proceeds, the probability of detecting a reproductive episode becomes smaller and smaller (Dunham et al., 1988b) . This leads to an underestimation of brood frequency. The extent to which the overestimation of the annual reproductive output caused by using the clutch size of the first reproductive episode is balanced by the chronic overestimation of brood frequency is unknown. For a given species, the magnitude of the biases are likely to go in parallel because if a species is not well studied we usually have poor information on both clutch sizes at different reproductive episodes and brood frequencies. In turn, this is likely to increase the scatter around the relationship rather than to cause systematic biases (spurious relationships), because poorly described species are present throughout the phylogeny.
To maximize the number of species represented in this work, we included the species with small and invariant clutch sizes. Indeed, this phenotype has arisen independently several times throughout lizard phylogeny (at least three times in our composite phylogeny, Appendix II), so that we can consider this as a strategy (responding to ecological conditions) rather than as a phylogenetic constraint. Furthermore, brood frequency is higher for species with a fixed clutch size than for species with a non-fixed clutch size, which results in there being no difference in their annual reproductive output (nonphylogenetic ANOVA on fecundity with clade, clutch mode as factor effect and size as a covariate: clutch mode effect F 1,86 =0. 31, p=0.58) . Discarding these species would reduce arbitrarily the diversity of life history strategies without good reason, and would also raise the question of why not discard species with a fixed brood frequency, age at maturity, etc. However, we investigated the role at fixed-clutch size species by performing an additional analysis with these species removed. We also removed large iguanas to examine the influence of the difference in size variance among clades. The species removed are indicated by a + in Appendix I.
Also, we sometimes pooled data for different populations of the same species. For each variable and for each species, the datum analyzed was the mean of the characters for all of the populations. This procedure was necessary because in many cases not all variables were available for a single population. The way we gathered the data and the particularities of the studied populations as well as the methods used to estimate some of the parameters (in particular, survival and age at maturity; see Dunham et al., 1988b , Martin et al., 1995 , may have induced some imprecisions in the description of species life history. In all cases, we verified that the parameter estimates for each species led to a more or less stable population (growth rate around unity) using matrix projection (Caswell, 1989) when enough details on the life cycle of the species were given. The data are presented in Appendix I.
Statistical analysis
We used Felsenstein's (1985) comparative method of phylogenetically independent contrasts for estimation and statistical hypothesis testing of relationships among variables. The statistical properties of this method have been checked via computer simulation by Grafen (1989) , Martins and Garland (1991) , Purvis et al. (1994) , Diaz-Uriarte and Garland (1996) , and Martins (1996) . The method seems relatively robust and is the best understood and most widely used of available phylogenetically based statistical methods Garland et al., , 1993 Pagel, 1993; Garland and Adolph, 1994; Pianka, 1995) . Moreover, independent contrasts are applicable to a wide range of questions including correlation, principal components analysis (PCA), regression, multiple regression, analysis of variance (ANOVA), and analysis of covariance (ANCOVA).
The topology used for analyses is shown and discussed in Appendix II. Because it includes soft polytomies, reflecting current uncertainty about relationships, degrees of freedom for hypothesis testing with independent contrasts can only be bounded (Purvis and Garland, 1993 ; empirical example in Christian and Garland, 1996) . Following their recommendations, we computed all N− 1 contrasts at each polytomy for use in estimation, and bounded degrees of freedom for hypothesis testing between the maximum of (total number of contrasts −1, i.e., 88 for the full 90 species) and the minimum of (total number of nodes −1, i.e., 68 for the partially unresolved topology we used).
All variables were log 10 transformed prior to computation of independent contrasts, because this typically improved linearity and homoscedasticity in regressions on snout-vent length and because log-log relationships are needed for comparisons with various theoretical predictions. Independent contrasts were computed with Version 2.0 of the PDTREE program, which includes a module for independent contrasts (Version 1.0 was first discussed by Garland et al., 1993) .
Estimates of phylogenetic branch lengths in terms of divergence times, genetic distances, or some other common metric are not available for all of the 90 species included herein. Therefore, we tried three different sets of arbitrary branch lengths. The statistical adequacy of each of the three sets was checked independently for all variables as described in . For all log-transformed characters, plots of the absolute values of the standardized independent contrasts versus their standard deviations (see Diaz-Uriarte and Garland, 1996) showed no statistically significant linear trends when using branch lengths all set equal to one (Pearson correlations ranged from −0.195 to 0.064, all P\ 0.05). When either Pagel's (1992) arbitrary branch lengths (as shown in Appendix II) or Grafen's (1989) arbitrary branch lengths were used, however, plots for all characters showed negative linear correlations (r =−0.371 to −0.240 and −0.385 to −0.171, respectively), some of which were statistically significant at PB 0.05 (2-tailed tests). Because the branch lengths of unity seemed to work adequately (i.e., none of the diagnostic linear correlations is statistically significant at PB 0.05 with either 68 or 88 d.f.), we did not try the alternative of various transformations of the other two types of arbitrary branch lengths (see Diaz-Uriarte and Garland, 1996) . We therefore used branch lengths of unity for all characters, which is consistent with a speciational model of evolutionary change (and assuming that all speciation events are represented in the phylogeny [Martins and Garland, 1991] , which is not true in the present case, because many extant species [as well as extinct species] are not included).
Depending on the question being addressed, we used Pearson product-moment correlations, regression, multiple regression, and principal components analysis (PCA) on the phylogenetically independent contrasts. We used the heuristic broken stick method to determine how many principal components to interpret (Jackson, 1993) . These analyses were performed using SPSS/PC+ Version 5.0. In all cases, no intercept term was included in the model, as is required for independent contrasts (Felsenstein, 1985; Grafen, 1989; . To compare bivariate correlations between pairs of life history traits in the two suborders, we used multiple regression with a dummy variable coding for clade, and tested for significance of the crossproducts term. For PCA, we first used the REGRESSION procedure of SPSS with the no intercept option to produce a centered correlation matrix (see Garland et al., 1992, p. 27) , and then input this to the FACTOR procedure. The correlation matrix, as opposed to the covariance matrix, was chosen in order to compare with previous published results (Bauwens and Diaz-Uriarte, 1997) .
In general, all analyses with independent contrasts were performed twice: first with the data not corrected for body size (snout-vent length) and second with data corrected for size by computing residuals from log-log least-squares regressions (on snout-vent length) through the origin using standardized independent contrasts . Differences between these two analyses were used to determine whether selection may have altered life histories mainly through their correlation with body size.
Extant squamates consist of two major clades, Iguania and Scleroglossa, which diverged in the early Jurassic (approximately 178 -208 million years ago). This is a considerably longer time than for the earliest divergences within extant Mammalia (about 110 millions years ago; J. A. W. Kirsch, pers. comm.) or Aves (possibly only about 65 million years ago; Feduccia, 1995) , two other vertebrate clades which have often been analyzed in terms of life history variation. As well, the two major lizard clades differ, on average, in a number of respects, especially with regard to typical mode of foraging and prey acquisition (see Estes and Pregill, 1988; Vitt and Pianka, 1994) . Finally, our initial allometric analyses revealed statistically significant differences in the scaling relationships within these two clades. Therefore, although we present analyses for all 90 species combined, our emphasis is on the analyses performed within each clade.
In preliminary analyses, we also searched for heterogenetity in allometric relationships among subclades within the Iguania and within the Scleroglossa. We did indeed find statistically significant differences. For example, using independent contrasts and the topology shown in Appendix II, the allometry (slope) of both clutch size and fecundity differs significantly (P = 0.0472 and P= 0.0129, respectively) among Gekkota (N =9 species), Scincidae (N= 18 species), and (Lacertidae+ Teiidae +Xantusia 6igilis (N= 20 species) in a three-group comparison. However, the sample sizes within these clades are rather small for multivariate statistical analyses, and we wished to avoid overanalysis of the data set. Therefore, we do not present analyses of smaller clades within the Iguania or Scleroglossa.
Results
Rates of e6olution in Iguania 6ersus Scleroglossa
We compared the two major clades with respect to the central tendency (median) of the distribution of the absolute values of standardized independent contrasts, using Mann-Whitney tests. A difference in central tendency indicates a difference in average (minimum) rate of evolution Martins, 1994 ; see also Pianka, 1995) . Because arbitrary branch lengths were used, these analyses may not be interpretable in any real biological sense as comparisons of ''rates of evolution'' between clades. For example, if all traits showed a difference between clades, then this result might be attributable to the arbitrary branch lengths being differentially ''wrong'' for the two clades (i.e., relatively too long for one clade with respect to the other). On the other hand, if some traits show differences between clades whereas others do not, then a real biological difference between clades would seem to exist.
The two clades showed a significant difference only for mortality (Mann-Whitney U= 643.0, Z [88]=−2.698, 2-tailed P = 0.0070; for the other traits, all P] 0.1356). We also performed these comparisons after computing residuals from regressions on snout-vent length (using all 89 contrasts). Again, only mortality showed a significant difference (U = 637.0, Z [88]=−2.749, 2-tailed P= 0.0060: for the other traits, all P] 0.4622). Thus, the two clades differ in average minimum rate of evolution either for mortality or for one or more of the other five traits (snout-vent length, clutch size, brood frequency, fecundity, age at maturity). Table 1 presents allometric slopes based on independent contrasts analyses of log-transformed data. Separate estimates are presented for all 90 species (89 contrasts) and for the two halves of the phylogeny, corresponding to Iguania (43 species) and Scleroglossa ([Gekkota plus Autarchoglossa]=47 species in our data set) (see Appendix II).
Allometry
Both age at maturity (slope about 0.9) and mortality (slope about −0.7) scale similarly in the two clades (Tab. 1). Brood frequency also scales with a similar exponent in the two clades (−0.500 for Iguania vs. −0.715). The allometry of clutch size, however, differs significantly between the two clades, with the slope being much higher in Iguania (1.161 vs. 0.233). As a consequence, fecundity, which is computed as the product of brood frequency and clutch size, also scales significantly differently in the two clades (slopes= 0.661 for Iguania vs. −0.482; as noted at the end of the Methods section, statistically significant differences in allometric slopes among subclades within Scleroglossa can also be found).
We redid the allometric analyses with fixed-clutch species removed (see Appendix I). In this analysis of the reduced data set, we obtained qualitatively very similar results. In particular, the allometric slopes for clutch size changed to 0.649 (95% CI 0.312-0.980), 0.915 (0.423 -1.407) and 0.233 (−0.142-0.773), respectively for all species, the Iguania, and the Scleroglossa. The comparison of slopes between the two clades yielded p= 0.0754, versus p = 0.0023 for the full data set. For fecundity, allometric slopes in the reduced data set were, respectively 0.229 (−0.229-0.686), 0.730 (0.100-1.360), and −0.406 (−1.054 -0.243) for all the data, the Iguania and the Scleroglossa. For this character, the comparison of allometric slopes between the two clades yielded p = 0.0129 versus p =0.0057 for the full data set. Thus, the analyses of the reduced data set support the conclusion that the two clades differ significantly in the allometry of certain life history traits. Consequently, we did not remove those species from our data set in the following analyses. Table 1 . Allometric equations based on phylogenetically independent contrasts (independent variable is snout-vent length). All variables were log 10 transformed prior to computation of contrasts, using topology shown in Appendix II and all branch lengths set equal to one. 
Differences in mean 6alues between Iguania and Scleroglossa
Mean values for traits of species in two sister clades can be compared using independent contrasts (i.e., the equivalent of an analysis of variance), as described in Garland et al. (1993) . In brief, if the value of the basal contrast is an ''outlier'' in magnitude, then a difference in mean value between the two clades is indicated. For a single trait, the absolute values of the standardized independent contrasts can simply be ranked and the rank of the basal contrast determined (Garland et al., 1993, p. 283 ; see pp. 277 -278 for a parametric t-test equivalent). For snout-vent length, the basal contrast is ranked 18 of 89 and so is not unusual; thus, the two clades do not differ in average body size.
To compare mean values of a trait after controlling for body size (i.e., the equivalent of an analysis of covariance), we use regression (through the origin) with standardized independent contrasts. Garland et al. (1993, pp. 278-279, their Fig. 5 ) used the approach of fitting a regression line and associated 95% prediction interval for a new observation to the set of all contrasts except the basal one; the basal contrast was then compared to the prediction interval. We have employed an equivalent test: we regressed standardized independent contrasts in a life history trait on contrasts in snout-vent length plus a 0 -1 dummy variable coded as 1 for the single basal contrast and 0 for all other contrasts. The partial regression coefficient for this dummy variable and its associated partial F statistic and P value test for the significance of the basal contrast as an outlier from the overall relationship; this is effectively a test for a mean difference between the two clades, after controlling for the correlation of the life history trait with snout-vent length.
The foregoing test assumes that the slopes of the relationship between the life history trait and snout-vent length is the same for the two clades. As shown in Table 2 , however, the slopes of the relationships for clutch size and for fecundity differ significantly between Iguania and Scleroglossa. Therefore, for these traits, an additional crossproducts term needs to be added to the regression model. This crossproducts term is computed as the standardized independent contrasts in snout-vent length multiplied by a second 0 -1 dummy variable, which is coded as 0 for one clade and 1 for the other (for this dummy variable, the code for the basal contrast is irrelevant once all three independent variables are forced into the model).
Considering all of the foregoing analyses, for none of the life history traits was the basal contrast a statistically significant outlier (all P]0.42). This, we find no evidence for statistically significant between-clade differences in mean value for any of the life history traits examined herein, once correlations with snout-vent length have been controlled. Table 2 presents correlation matrices and the results of PCA for all lizards and for the two major clades separately, including body size (snout-vent length) as a variable. Separate analyses are presented which use either clutch size and brood frequency or their product, fecundity. Thus, for completeness, a total of six PCAs is shown. However, because we have already documented statistically significant differences in allometric relationships between the two major clades (Tab. 1), our emphasis is on the separate analyses rather than those which include all 90 species (89 contrasts). In addition, we emphasize the analyses using fecundity, because it along with age at maturity and mortality constitute the three basic demographic parameters. PCA yields different results for the two major clades. For Iguania, the first PC accounts for 53% of the total variance and loads heavily on snout-vent length, age at maturity, and mortality; the second PC accounts for 31% of the variance and loads heavily only on fecundity. Thus, interspecific variation in fecundity is almost completely independent of variation in the other three variables. Therefore, for this clade, the PCA does not yield a single factor that can be interpreted as the classic ''fast-slow'' continuum (see Introduction).
Principal components analysis
For Scleroglossa, the first principal component accounts for more of the total variance (66%) and loads most heavily on age at maturity and mortality, with weaker (but still substantial) loadings on both snout-vent length and fecundity. This factor does, therefore, suggest the fast-slow continuum. The second PC loads moderately on both snout-vent length and fecundity, but accounts for only 19% of the variance (barely more than twice that accounted for by PC 3) and has an eigenvalue of only 0.8. Thus, it is not clear that biologically important variation in fecundity exists independently of variation in the other three variables.
Do the foregoing patterns of association of the three demographic variables persist after removing statistically the correlations of each with body size? Table 3 presents correlation matrices and PCAs of size-corrected demographic variables. For both clades, only the first principal component seems interpretable, as it accounts for about 2/3 of the total variance. Also for both clades, PC 1 demonstrates clearly the ''fast-slow'' continuum, one end of which represents early maturation, high fecundity, and high adult mortality.
Comparisons of pairwise relationships with theoretical predictions
We tested for differences between clades in the slopes of the three pairwise relationships between the three basic life history variables (using independent contrasts), because these have been discussed as ''invariants'' by Charnov and colleagues. Considering the whole-organism values, we found significant differences in the relationships between age at maturity and fecundity (PB 0.0001) and between fecundity and mortality (P B 0.0001). After computing residuals from log-log regressions on snout-vent length (using all 89 contrasts for all 90 species), however, none of the three pairwise relationships differed significantly between clades (all P] 0.3577). We also computed residuals from regressions separately for each of the two major clades (omitting the basal contrast altogether). Using these residuals, we also found no statistically significant differences between Iguania and Scleroglossa with respect to the slopes of the pairwise relationships (all P] 0.4352).
Reduced major axis slopes of the pairwise relationships for residuals were as follows (with 995% confidence interval calculated from formula in McArdle, 1988 Finally, we repeated these pairwise slope computations using double residuals. That is, we regressed residual contrasts for two of the demographic variables on residual contrasts for the third, computed residuals, and then correlated these double residuals. (Alternatively, we could have used multiple regression or partial correlation analyses, but the present procedure allows us to compare directly with the foregoing results.) Indeed, according to Charnov (1993) , no pattern should be found in residuals of the above relationships. These double residuals (controlling for snout-vent length plus the third demographic variable) showed the following Table 3 . Principal components analysis based on correlation matrix (computed through origin) of standardized phylogenetically independent contrasts, using residuals (denoted as R -) from regressions on average female adult snout-vent length. All variables were log 10 transformed prior to computation of contrasts. Age at Maturity on Mortality =−1.12 9 0.213, r=−0.219 
Discussion
Role of body size
The strong relationship between body size and the slow-fast continuum of life history variation was pointed out very early (MacArthur and Wilson, 1967; Pianka, 1970) . The strength of this correlation led some researchers to suggest that body size at maturity, with which most of the primary demographic parameters were found to correlate, could have been the primary or even sole target of natural selection (Western and Ssemakula, 1982) . Indeed, a majority of studies (Stearns, 1983 (Stearns, , 1984 found that body size alone explained a large part of the variation in life history components and that the three primary demographic parameters (age at maturity, adult survival, fecundity) were allometrically related to body mass with a slope of about 0.25 in many taxa (Peters, 1983; Calder, 1984; Allainé et al., 1987; Gaillard et al., 1989; Reiss, 1989) . However, a number of these comparisons involved a very wide range of body size (and a corresponding diversity in terms of phylogenetic relationships, e.g., all Mammalia) and so the role of size may have been overemphasized. Indeed, when comparing families within birds and within mammals, Allainé et al. (1987) found (although not using phylogenetically based statistical methods) that slopes of the relationships between primary demographic parameters and body size were sometimes significantly different from 0.25 (see also , and that some families differed from one another in slopes. Allainé et al. (1987) interpreted their results as indicating that parameters for some families were poorly estimated, or that some specific methods of estimation that may induce biases in the estimates were used more often in some families than in others Krementz et al., 1989) ; therefore, they did not reconsider the role of body size.
Our PCA analyses (Tab. 2) indicated that body size was more strongly correlated to the slow-fast continuum in one clade (Iguania) than in the other (Scleroglossa). Allometric relationships between size and the three primary demographic parameters showed significant differences between the two clades (Tab. 1), as was suggested in a previous study (Promislow et al., 1992) . Fecundity was positively associated with size in Iguania but negatively associated (although not significantly so) in Scleroglossa. One of the main differences between the two clades involves foraging mode (Dunham et al., 1989a; Cooper, 1994) . Iguania is dominated by species with a sit-and-wait strategy, or which are large herbivores, whereas Scleroglossa is dominated by widely-foraging species. This difference may have entailed different evolutionary pathways for fecundity and size, as life history traits seem to vary in relation to foraging mode .
The differences in allometric relationships could also be attributable to sampling problems, but we think this is unlikely to be the sole explanation. The sampling of Scleroglossa in our data set may seem relatively incomplete with respect to body size, because of the absence of Varanidae, many of which are relatively large-bodied (Green and King, 1993; Pianka, 1995; Christian and Garland, 1996) . However, our samples of Iguania and Scleroglossa did not differ significantly with respect to mean body size, using a test with independent contrasts as described in Garland et al. (1993, pp. 277-278, 283 ; the basal contrast for log snout-vent length is only the 18th most extreme of 89 total contrasts). Moreover, after controlling for snout-vent length, the two clades did not differ significantly in mean values for any other variable (see Results). The proportion of species with a small and invariant clutch size (Anolis in Iguania, some geckos in Scleroglossa) was also similar between clades for our samples. Finally, an analysis with these species removed yielded very similar results. Thus, we believe that the observed difference in the allometric slope of clutch size and fecundity is unlikely to result solely from sampling inadequacies. In any case, the addition of large varanids to the data set would be an obvious improvement for future studies.
Differences in allometry between clades cause differences in the way the three demographic parameters scale to one another. The relationship between fecundity and survival, and between fecundity and age at maturity, was significantly different between clades, indicating that the ratio of these variables is not constant throughout lizards. This finding contradicts what Shine and Charnov (1992) found on a restricted sample of lizard (N =19) plus snake (N= 16) species. If our analyses were stopped at this stage, they would be in opposition with Charnov's (1993) predictions. It is worth nothing that, in most of the tests of Charnov's model predictions on life history trade-offs, the demographic parameters were not corrected for size (Charnov, 1990; Charnov and Berrigan, 1990; Charnov and Berrigan, 1991a; Shine and Charnov, 1992; Charnov, 1993) . One may, therefore, wonder how much and in which direction the intensity of correlations is modified after statistically subtracting the effect of body size.
The slow-fast continuum
After removing correlations with body size by computing residuals from allometric regressions (using independent contrasts), the first axis of a principal components analysis explained most (62 -73%) of the remaining variation, in a similar way for both clades (Tab. 3). The three demographic parameters load in almost an equal way on this first axis for the two clades. So, after removing correlations with body size, adult mortality was correlated negatively with age at maturity and positively with fecundity, clearly indicating the ''slow-fast'' continuum. This result agrees with other studies done on sub-components of these life history traits (Stearns, 1984; Shine and Charnov, 1992 for lizards) and/or which did not use phylogenetically based statistical methods (Stearns, 1984; Gaillard et al., 1989 for birds and mammals). However, it contradicts the results of the only similar analysis which was done on a single family of lizards (Lacertidae, Bauwens and Diaz-Uriarte, 1997). These authors used as a measure of survival the maximum lifespan which is critically dependent on sample size. They also used several measures of size, even in their residual analysis. Finally, they used a single family that is clearly more morphologically and ecologically homogeneous than our sample of 47 Scleroglossa.
The slopes of the relationships between the three basic demographic parameters when taken two-by-two are all significantly different from zero (see end of Results). The second two relations differ significantly from unity, whereas the first one probably does not. The two major clades did not differ significantly with respect to these relationships. Although the signs of the relationships agreed with the predicted ones (Charnov, 1991; Charnov and Berrigan, 1991a) , comparing the values of the slopes was difficult for two reasons. First, in previous studies, the effect of size was not removed so it is not possible to compare directly with our values. Second, quantitative predictions are not available for several combinations of demographic parameters (Charnov and Berrigan, 1991a) . Even when quantitative predictions exists, it is not clear to which value our results should be compared. For example, the relation between age at maturity and mortality for lizards was predicted and tested with respect to unity in Shine and Charnov (1992) , but was expected to be different from unity (around 0.7) in Charnov and Berrigan (1991a) . Some reconciliation of these discrepancies may emerge from searching for the existence of other life history patterns in addition to the slow-fast continuum.
Other patterns of 6ariation and co6ariation
Even corrected for body size, mortality showed a different average rate of evolution in the two clades, whereas the rate of evolution of age at maturity and fecundity did not differ statistically (see first section of Results). This result may suggest that indeed the primary association between the three demographic parameters (the slow-fast continuum) does not explain all of the variation in the life history variables, despite the fact that the PCA did not give any convincing indication of a second direction of variation in the data (Tab. 3). Indeed, if the ratio between age at maturity and adult mortality, or the ratio between fecundity and adult mortality, are to be constant values (Charnov, 1990 (Charnov, , 1993 , then it follows that residuals of these relations should not show any pattern, i.e., that the residuals must represent random noise related to imprecisions in parameters estimates and/or peculiarities of the studied populations. In particular, no significant association should be found between residuals of the two relationships. However, residuals from the regression of age at maturity on mortality were in fact significantly related to residuals of the regression of fecundity on mortality (RMA slope=−0.72 9 0.144; see last section of Results).
Biological interpretation of the foregoing correlation depends on the assumption that no sampling correlation exists between the estimation of fecundity and age at maturity. In lizards, age at maturity is usually estimated by looking for the appearance of any secondary sexual characters or by dissecting individuals to assess the maturity of the gonads (without necessarily involving egg formation, Dunham et al., 1988b) . Most of the estimates of clutch size that we have used are tertiary (Dunham et al., 1988b) , i.e., based on the number of eggs layed, most of the time from clutches found in the field, i.e., without knowing the female. The number of broods was most often deduced from the number of peaks in the number of clutches that are layed within a year. So, although we cannot dismiss the possibility of a sampling correlation (as for any other correlations between the three demographic parameters), this one is likely to be small, as it usually does not involve the same individuals or even the same populations. Therefore, the scatter observed around the relation between, for example, age at maturity and mortality, can be explained at least partly by variation in fecundity, which means that this cannot be attributed entirely to random ''noise'' in the data.
As noted by Charnov (1993, p. 5) , ''How constant is constant enough to be considered invariant is worthy of much thought . . . '' We believe that our analyses indicate that various ratios are actually not constant enough to be considered invariant across all lizard species. Most probably, therefore, other patterns of variation besides the slow-fast continuum exist in lizards and in other groups of vertebrates as well. This suggestion is not at all revolutionary when one remembers the variation of lifestyle in semelparous species, such as salmon or dragonflies (i.e., much variation in age at maturity but no variation in the mortality of adult reproductive females). This suggestion is also consistent with the findings of Gaillard et al. (1989) for mammals and birds.
If other patterns of life history variation do indeed exist, then one of the assumptions of Charnov (1993) 's model -that a stationary population is a general characteristics of all species -may not hold. Deviation from a stationary population may be particularly common for annual species, such as some Anolis or Mabuya, which are good candidates for displaying cyclic or chaotic population dynamics (Ferrière and Clobert, 1992 , potential examples in Barbault, 1974b, and Andrews, 1991) . It also may mean that life history invariants have to be found at lower taxonomic levels (Bauwens and Diaz-Uriarte, 1997) , where no significant variation in body organization is expected to be found (strict allometry prevails, Calder, 1984) , or that life history invariants have to be derived from more complex adaptive programmes of development (Vollestad et al., 1993; Mangel, 1996) .
The difficulty of finding a third-order axis of variation in life histories (first-order being the effect of body size [relatively weak in our analyses], second-order being the slow-fast continuum; see Western, 1979; Gaillard et al., 1989) is probably related to the small proportion of the total variation among species that this source may represent (Schoener, 1985) . A small contribution to the total amount of variation may be explained by the rareness of semelparous lizards (like Mabuya butnerii, for example) which display delayed age at maturity. At present, claiming the existence of this third-order source of variation seems premature. Also, comparison with the results of Gaillard et al. (1989) is a bit difficult because we did not use the same statistical approach. In particular, inferring explanations or processes based on the second axis of the PCA is problematic, because, in this statistical framework, alternative ''strategies'' must be orthogonal to the slow-fast continuum. For example, if a PCA was done on the points which represent evolutionary stable strategies uncovered by Ferrière and Clobert's (1992, their figure 2 ) model, then the second axis of the PCA, although also opposing semelparous to iteroparous species (in relative terms), would suggest quite a different evolutionary pathway than the one reported in the present paper.
Furthermore, we only considered the three primary demographic parameters, and excluded those which were sub-components of one of these parameters (i.e., clutch size and number of broods as the components of fecundity) or for which virtually no data were available (juvenile survival). Including these variables might reveal additional patterns Bauwens and Diaz-Uriarte, 1997 ). However, we presently lack a general theory of life history evolution which embodies all of these variables. Thus, both the acquisition of more data and additional modeling are still badly needed in order to allow deeper insight regarding the correlated evolution of life history traits in lizards. 
